In the present paper we describe the basic results of long-term selection for low yolk cholesterol content in Japanese quail and its influence on development and relationship with other egg quality traits during nineteen selected generations. The changes in a selected low cholesterol line were compared with changes in an unselected control line to obtain the real selection response to estimated traits. There was a significant decrease in yolk cholesterol content from 1 815 mg/100 g of fresh yolk (P generation) to 1 522 mg/100 g yolk (S19 generation). According to the value of regression coefficient b the decrease per one generation was 15.71 mg/100 g yolk. The decrease in cholesterol of the edible part of egg was also effective and it significantly decreased by 11.29 mg/100 g of the edible part of egg in each generation. There were only insignificant changes in egg weight, but we found a significant increase in yolk weight during selected generations. According to the regression analysis the increase in yolk weight was 0.019 mg/100 g per one generation. There were a positive but insignificant increase also in albumen weight, shell weight and weight of the edible part of egg. We found a small and insignificant decrease in shape index. We determined very high and significant positive correlations between cholesterol content in yolk and cholesterol content in the edible part of egg (0.801+++) and significant negative correlations between yolk cholesterol content and egg weight (-0.515+), yolk weight (-0.468+) and weight of the edible part of egg (-0.475). There were only low, positive and insignificant correlations between yolk cholesterol content and yolk egg proportion and egg shape index.
Concerning the cholesterol problem caused by the influence of negative publicity of dietary cholesterol on human health a significant decrease in egg consumption per inhabitant was recorded in the world (Herron and Fernandez, 2004; Elkin, 2006; Sparks, 2006) . Kritchevsky and Kritchevsky (2000) reported that chicken eggs supply about 30% of dietary cholesterol in the American diet. Nevertheless, a revaluation of its role in human nutrition is needed (Kritchevsky, 2004) . The reason for this situation is that the egg yolk belongs to the richest sources in human nutrition and because in spite of various controversies in excessive consumption the dietary cholesterol is classified as a risk factor of human nutrition in general (Kritchevsky and Kritchevsky, 2000; Wegemans et al., 2001; Kritchevsky, 2004) and especially in specific groups of people, e.g. diabetics (Hu et al., 1999) . In very extensive research Wegemas et al. (2001) found that the dietary cholesterol raised the ratio of total to HDL-cholesterol and hence "the advice to limit the consumption of cholesterol-rich foods may therefore still be valid". On the basis of these results any decrease in cholesterol content in egg yolk is desirable because the lower the yolk cholesterol content in egg, the more eggs could be recommended for consumption whereas the WHO norm of the maximum recommended intake of dietary cholesterol per capita/day 300 mg/day is still valid. It is possible to decrease the yolk cholesterol content either genetically, i.e. by selection, or by the nutrition of hens and also by the combination of both approaches, i.e. by special nutrition together with genetically fixed lower yolk cholesterol concentration (Elkin, 2006) . Some recent papers studied also the effects of housing systems and age of hens or dietary factors on the cholesterol concentration and egg quality traits of the hens (Pišteková et al., 2006; Yildiz et al., 2006; Zemková et al., 2007) .
Whereas of the mentioned above we started in 1992 an experiment with Japanese quail to investigate the feasibility of lowering the egg yolk cholesterol level by selection Baumgartner, 1995) . In contrary with selection for growth or egg production characteristics in Japanese quail or hens (Hyánková et al., 2001; Aggrey et al., 2003; Sezer and Tarhan, 2005; Wolc et al., 2007) in the literature there is only very little information about the selection response of egg yolk cholesterol content (Marks and Washburn, 1977; Ansah et al., 1985; Simenovová et al., 1992; Baumgartner, 1995; Elkin, 2006) . Concerning this problem only very few and only short-term selection experiments were conducted. The main reason for this situation is a very laborious and expensive analysis of yolk cholesterol content. There were attempts to influence the yolk cholesterol content in egg by selection for a lower yolk to albumen ratio but the selection was less effective than the selection for a higher yolk to albumen ratio (Miyoshi and Mitsumoto, 1980; Hartmann et al., 2000; Elkin, 2006) . Concerning the changes in fitness traits no changes in hatchability between the high and low cholesterol were observed (Washburn and Marks, 1977) . We shall present this problem in another paper.
The result of the longest experiment on yolk cholesterol content is only four (meat type chickens) or three (egg type chickens) generations selected experiment published by Marks and Washburn (1977) or three selected generations published by Ansah et al. (1985) . The criterion for selection was mg cholesterol/g yolk and was based on both family and individual records, with males selected on the basis of full and half-sib sisters. The overview of the current situation in reducing the egg cholesterol content by genetic approaches and nutritional strategies was recently published by Elkin (2006) .
In the literature there is even less or no information about the changes in egg quality traits associated with selection for lower yolk cholesterol content in Japanese quail. In Leghorn type hens Ansah et al. (1985) found a significant decrease in egg weight in all three selected generations in the low yolk cholesterol line in comparison with unselected control but no changes in yolk weight.
Several reports were published about genetic correlations between various egg quality traits (Washburn, 1990; Hartmann et al., 2000; Minvielle and Oguz, 2002; Elkin, 2006 ), but we have not found any information about genetic correlations between the egg yolk cholesterol content and other egg quality traits. Concerning our report, interesting are recent results of Basmacioglu and Ergul (2005) , who reported the phenotypic correlations between the egg yolk cholesterol content and egg weight as -0.559 and -0.753 and between the yolk cholesterol content and yolk weight as -0.499 and -0.703 in white or brown egg laying hens.
The first attempt could be seen in the literature showing the results of long-term selection for low yolk cholesterol content and its influence on development and relationship with other egg quality traits during selected generations. The changes in a selected low cholesterol line were compared with changes in an unselected control line to obtain the objective selection response to estimated traits.
MATERIAL AND METHODS
An outbreed, egg type, wild colour plumage line of Japanese quail kept at Poultry Breeding Station in Ivanka pri Dunaji since 1984 was the base population for this study (Baumgartner and Hetényi, 2001 ). In the parental generation 60 adult quail hens at 14-16 weeks of age were tested according to yolk cholesterol in fresh yolk and 25 females whose eggs had the lowest yolk cholesterol concentration were selected to establish a low cholesterol line (S). Other non-selected 60 quail hens were reproduced and used as an unselected control cholesterol line (C). Sufficient quail chickens were hatched to provide approximately 60 females per line at 12 weeks of age in each generation. This selection procedure was repeated for all 19 generations. Therefore in each generation approximately 25 females with the lowest yolk cholesterol content from 60 tested quail hens were used to reproduce the next generation of S line and 25 randomly unselected females were used to reproduce C line. The selection was based on a low level of yolk cholesterol (mg cholesterol per 100 g yolk) according to the method used by Ansah et al. (1985) . The females and males were selected according to a selection index, in the case of females on the basis of individual records plus their full and paternal half-sibs:
(y = 0.5x 1 + 0.3x 2 + 0. 2x 3 ) where: x 1 = the value of yolk cholesterol content of the tested female x 2 = the average cholesterol content of full sisters x 3 = the cholesterol content of paternal half-sibs (half sis-
ters)
The males were selected according to the records of their full and half-sib sisters:
(y = 0.5x 1 + 0. 5x 2 ) where: x 1 = the average cholesterol content of full sisters x 2 = the average of cholesterol content of paternal half-sibs (half sisters)
Because one male was mated with two females, for every two females one male was selected for reproduction. In each generation the quail chicks were grown in special rearing batteries up to 5 weeks of age and then they were caged individually. The quails were fed a special quail diet mixture for growing and adult quails by VÚKP Ivanka, manufactory Šamorín. From week 0 to week 3 the young quails received a growing ration containing 24.32% crude protein and 12.05 MJ metabolizable energy (ME). From week 3 to 5 the mixture ration (grower + layer diet) contained 21.0% crude protein and 12.0 MJ of ME. The adult quails from 5 weeks of age were fed the layer ration containing 20.2% of crude protein and 11.80 MJ of ME.
Cholesterol values were obtained from three consecutively laid eggs when the birds were about 14-16 weeks old. After the measuring of egg, yolk, albumen, shell and edible part of egg weight (g), yolk/egg proportion (%) and egg shape index (with × 100/length in (%)) a standard homogeneous sample of egg yolk was used from each quail layer for the chemical analysis of egg yolk cholesterol content.
From parental to S 3 generation the yolk cholesterol content was estimated by a spectrophotometric method developed by Ingr and Simeonová (1983) based on measuring the absorbance of the colour product (625 nm) which originated after the reaction of cholesterol with acetic anhydride and concentrated sulphuric acid in ethyl acetate medium (Liebermann-Buchard reaction, Bio-Lachema-Test, Brno, Czech Republic). After the S 4 generation we determined the yolk cholesterol concentration using an enzymatic colorimetric test with lipid clearing factor (cholesterol liquicolor CHOD-PAP-test, Human Gesellschaft für Biochemica und Diagnostica mbH, Taunusstein, Germany).
Statistical analyses
Linear regression and correlation analysis in S and C line, and also from the corrected values of S line to C line (mean of S/mean of C in actual generation × mean of P generation), were computed from the averages of egg quality traits to estimate the influence of selection generation on the values of investigated traits:
Y = a + bx
where: Y = value of estimated egg quality trait a = Y-intercept b = slope factor or regression coefficient x = number of generation (Sokal and Rohlf, 1969) 
RESULTS AND DISCUSSION
Development of the genetic trend (averages and linear regression (a, b) and correlation (r) coefficients) of estimated egg quality traits in S line selected for lower yolk cholesterol content during nineteen generations is shown in Table 1 . In initial P generation the variability of observed traits is also given ( -x , S-x and v (%)). This variability of estimated traits is equal also for C line because of the same initial population.
According to the given results, the variability of investigated traits (v (%)) varied from 19.63% and 19.64% of yolk cholesterol content in fresh yolk or in the edible part of egg to 3.75% in egg shape index. Therefore the variability of the selected trait (yolk cholesterol content) was the largest of all investigated traits.
Concerning the hatchability problems according to a decrease in the yolk cholesterol content in S line, we found a small decrease in this trait during the selection of generations.
We can see that there was a decrease in yolk cholesterol content from 1 815 mg/100 g of fresh yolk (P generation) to 1 483 mg/100 g yolk (S19 generation). According to the value of regression coefficient b the decrease per one generation was 17.05 mg, the regression and also the correlation coefficients of the dependence of production on time were both very highly significant. It means that the selection for yolk cholesterol content was effective and significant. The decrease in cholesterol of the edible part of yolk was also effective and it decreased by 7.1 mg/100 g in each genera- tion. Both coefficients were very highly significant. The egg weight during selected generations increased from 9.6 g in parental up to 10.41 g in S 19 generation. Similar results were found also in unselected C line (Table 2 ). Yolk and albumen weight and also yolk yield of egg weight were unaffected by the selection of ge-nerations but we found a significant increase in shell weight and also in the edible part of egg weight and a small but significant decrease in shape index.
Dependences of the averages of traits on time (linear regression (a, b) and correlation (r) coefficients) of estimated egg quality traits in unselected cholesterol C line during nineteen generations are shown in Table 2 . The cholesterol content in yolk and in edible part was not significantly influenced by the generation. It means that the unselected C line was stable concerning the values of yolk cholesterol content. In the other egg quality traits we found a similar trend like in S line. We found a significant generation increase only in egg and shell weight and a decrease in egg shape index but the changes were relatively small. Important information on dependences of the averages of traits on time (linear regression (a, b) and correlation (r) coefficients) of S line corrected to the values of C line is given in Table 3 .
We can see that there was a decrease in yolk cholesterol content from 1 815 mg/100 g of fresh yolk (P generation) to 1 522 mg/ 100 g yolk (S19 generation). According to the value of regression coefficient b, the decrease per one generation was 15.71 mg/100 g yolk, the regression and also the correlation coefficients were both very highly significant. It means that the genetic selection for yolk cholesterol content was effective and significant. A Table 3 . Development of the genetic trend (averages and linear regression (a, b) and correlation (r) coefficients) of S line corrected to the values of C line (mean of S/mean of C in actual generation × mean of P generation) reduction in cholesterol of the edible part of yolk was also effective and it decreased by 11.29 mg per 100 g in each generation. Both coefficients were also very highly significant. There were only insignificant changes in egg weight during selected generations. But we found a significant increase in yolk weight according to selected generations. Concerning the regression analysis the increase in yolk weight was 0.019 mg per one generation. There was a positive but insignificant increase also in albumen weight, shell weight and weight of the edible part of egg. We found a small and insignificant decrease in shape index.
The reduction in yolk cholesterol content per one selected generation during nineteen generations in comparison with the control shown in our results (b = 15.71 mg/100 g yolk) was lower in comparison with the data of Ansah et al. (1985) , who found in Leghorn type chickens in three selected generations for lower yolk cholesterol content a decrease in the yolk cholesterol level by 26.6 mg/100 g per one selected generation in comparison with the control line. In comparison with the data of Marks and Washburn (1977) in four (meat type chickens) and three (egg type chickens) generations selection experiment of divergent selection for yolk cholesterol content chickens who found no evident decrease in comparison with unselected control in both low selected lines are our results very encouraging.
Correlations between the averages of egg quality traits in S line corrected by C line are given in Table 4. There were very high and significant positive correlations between cholesterol content in yolk and cholesterol content in the edible part of egg and significant negative correlations between yolk cholesterol content and egg weight, yolk weight and weight of the edible part of egg. There were small, positive and insignificant correlations between yolk cholesterol content and yolk egg proportion and egg shape index.
Similar correlations were found between yolk cholesterol content in the edible part of egg and other egg quality traits. But the correlation between yolk cholesterol content in the edible part of egg and egg weight and weight of the edible part of egg was negative and insignificant, and with yolk weight, albumen weight and shell weight negative and significant. Correlations between yolk cholesterol content in the edible part of egg and yolk egg proportion and egg shape index were small, positive and insignificant. 
